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Specification 

(54) [Title of the Invention] 

Method of manufacturing a positive electrode material for lithium ion secondary batteries 

(57) [Abstract! 

[Purpose] The purpose of the present invention is to provide a method of manufacturing, 
with high productivity, a positive electrode material with excellent battery properties (cycle 
characteristics and high load characteristics) for lithium ion secondary batteries. 
[Means of solution] A mixture comprising at least a Li compound and at least one metal element 
compound selected from the group consisting of Co, Ni and Mn is baked at a temperature of 500 
to 1 100°C under an air atmosphere or under an oxygen-containing atmosphere while mixing so 
as to produce a positive electrode material for lithium ion secondary batteries made of a 
composite metal oxide containing lithium. 
[Claims of the invention] 

[Claim 1] A method of manufacturing a positive electrode material for lithium ion secondary 
batteries consisting of a composite metal oxide containing lithium having a laminar structure, 
which method of a manufacturing a positive electrode material for lithium ion secondary battery 
is characterized by the fact that a mixture comprising at least a Li compound and at least one 
metal element compound selected from the group consisting of Co, Ni, and Mn at a temperature 
of 500 to 1 100°C under an air atmosphere or under an oxygen-containing atmosphere while 
mixing. 

[Claim 2] A method of manufacturing a positive electrode material for lithium ion secondary 
batteries described in Claim 1 used for production of a composite metal oxide containing lithium 
having a laminar structure and having the composition indicated by the general formula Li x MC>2 
(wherein, M is at least one type of metal element selected from the group consisting of Co, Ni, 
and Mn, and x is a number in the range of 0.97<x<l .05). 
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[Claim 3] A method of manufacturing a positive electrode material for lithium ion secondary 
batteries consisting of a composite metal oxide containing lithium having a laminar structure 
having a composition shown in general formula Li x M y A z 02 (wherein, M is at least one metal 
element selected from the group consisting of Co, Ni, and Mn, A is at least one metal element 
selected from Al and transition metals, and x, y and z are numbers of 0.97<x<1.05, 0<y<1.0, 
0<z<1.0, y+z=l), which method of a manufacturing a positive electrode material for lithium ion 
secondary batteries is characterized by the fact that a mixture comprising a Li compound and at 
least one metal element compound selected from the group consisting of Co, Ni, and Mn, and at 
least one metal element compound selected from the group consisting of Al and transition metals 
at a temperature of 500 to 1 100°C under an air atmosphere or under an oxygen-containing 
atmosphere while mixing. 

[Claim 4] A method of manufacturing a positive electrode material for lithium ion secondary 
batteries consisting of a composite metal oxide containing lithium having a laminar structure, 
which method of manufacturing a positive electrode material for lithium ion secondary batteries 
is characterized by the fact that first stage baking is done for a mixture comprising at least a Li 
compound and a compound containing at least Co or Ni, selected from the group of Co, Ni and 
Mn compounds, at a temperature of 500 to 900°C under an air atmosphere or under an oxygen- 
containing atmosphere while mixing; then, secondary stage baking is done at a temperature of 
800 to 1 100°C while stirring or in a stationary state. 

[Claim 5] The method of manufacturing a positive electrode material for lithium ion 
secondary batteries described in Claim 4 used for production of a composite metal oxide 
containing lithium having a laminar structure having the composition indicated by the general 
formula Li x M0 2 (wherein, M is at least one metal element selected from the group consisting of 
Co, Ni, and Mn, and x is a number in the range of 0.97<x<1.05). 

[Claim 6] A method of manufacturing a positive electrode material for lithium ion secondary 
batteries consisting of a composite metal oxide containing lithium having a laminar structure 



-4- 



KOKAI PATENT APPLICATION NO. 2002-260655 



having the composition shown in general formula Li x M y A z 02 (wherein, M is at least one metal 
element selected from the group consisting of Co, Ni, and Mn, A is at least one metal element 
selected from Al and transition metals, and x, y and z are numbers in the range of 0.97<x<l .05, 
0<y<1.0, 0<z<1.0, y+z=l), which method of manufacturing a positive electrode material for 
lithium ion secondary batteries is characterized by the fact that a mixture comprising a Li 
compound and at least one metal element compound selected from the group consisting of Co, Ni 
and Mn, and at least one metal element compound selected from the group consisting of Al and 
transition metals is baked at a temperature of 500 to 1 100°C under an air atmosphere or under an 
oxygen-containing atmosphere while mixing; then, secondary stage baking is done at a 
temperature of 800 to 1 100°C under stirring or under a stationary state. 
[Claim 7] The method of manufacturing a positive electrode material for lithium ion 
secondary batteries described in one of Claims 4 to 6 characterized by the fact that the baked 
powder produced in the first stage bake is pulverized; then, second stage baking is done. 
[Detailed description of the invention] 
[0001] 

[Technical field of the invention] The present invention pertains to a method of manufacturing, 
with high productivity, a positive electrode material used for lithium ion secondary batteries, and 
the invention further pertains to a method of manufacturing a positive electrode material with 
excellent battery properties (cycle characteristics and high load characteristics) for lithium ion 
secondary batteries. 
[0002] 

[Prior art] In recent years, for electronic device such as portable personal computers and video 
cameras with built-in batteries, lithium ion secondary batteries which provide high energy density 
are being used. For the positive electrode material of the above-mentioned lithium ion secondary 
battery, a composite metal oxide containing a lithium compound such as lithium cobaltate, 
lithium nickel oxide, and lithium manganate are used. A mixture containing each of the metal 
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oxides or compounds capable of forming oxides is baked at a high temperature in an oxygen- 
containing atmosphere. As for the baking method used, the material to be baked is placed in a 
crucible or setter, and the material is transported to a batch system or continuous system baking 
furnace and baking is done. In the above-mentioned baking method, the progress of oxidation 
reaction is slow, and long-term baking is required to produce a positive electrode material for 
lithium ion secondary batteries with high performance. Furthermore, the equipment becomes 
complicated, and heat is lost due to use of crucibles and setters, and the operating cost is 
increased. 
[0003] 

[Problems to be solved by the invention] The present invention is based on the above 
background, and the purpose of the present invention is to provide a method of manufacturing a 
positive electrode material with excellent battery properties (cycle characteristics and high load 
characteristics) for lithium ion secondary batteries with high productivity. 
[0004] 

[Means to solve the problem] As a result of much research conducted by the present inventors in 
an effort to eliminate the above-mentioned existing problems, [the inventors] discovered that, in 
a method of manufacturing a composite metal oxide containing lithium having a laminar 
structure, the above-mentioned purpose can be achieved when baking is done at a temperature of 
500 to 1 100°C under an air atmosphere or an oxygen-containing atmosphere while stirring, and, 
as a result, the present invention was accomplished. 

[0005] In other words, the method of manufacturing a positive electrode material for lithium ion 
secondary batteries of the present invention can be achieved by (1) to (7) below. 
(1) A method of manufacturing a positive electrode material for lithium ion secondary 
batteries consisting of a composite metal oxide containing lithium having a laminar structure, 
which method of a manufacturing a positive electrode material for lithium ion secondary battery 
is characterized by the fact that a mixture comprising at least a Li compound and at least one 
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metal element compound selected from the group consisting of Co, Ni, and Mn at a temperature 
of 500 to 1 100°C under an air atmosphere or under an oxygen-containing atmosphere while 
mixing. 

(2) A method of manufacturing a positive electrode material for lithium ion secondary 
batteries described in Claim 1 used for production of a composite metal oxide containing lithium 
having a laminar structure and having the composition indicated by the general formula Li x M02 
(wherein, M is at least one type of metal element selected from the group consisting of Co, Ni, 
and Mn, and x is a number in the range of 0.97<x<1.05). 

(3) A method of manufacturing a positive electrode material for lithium ion secondary 
batteries consisting of a composite metal oxide containing lithium having a laminar structure 
having a composition shown in general formula Li x M y A z 02 (wherein, M is at least one metal 
element selected from the group consisting of Co, Ni, and Mn, A is at least one metal element 
selected from Al and transition metals, and x, y and z are numbers of 0.97<x<l .05, 0<y<1.0, 
0<z<1.0, y+z=l)» which method of a manufacturing a positive electrode material for lithium ion 
secondary batteries is characterized by the fact that a mixture comprising a Li compound and at 
least one metal element compound selected from the group consisting of Co, Ni, and Mn, and at 
least one metal element compound selected from the group consisting of Al and transition metals 
at a temperature of 500 to 1 100°C under an air atmosphere or under an oxygen-containing 
atmosphere while mixing. 

(4) A method of manufacturing a positive electrode material for lithium ion secondary batteries 
consisting of a composite metal oxide containing lithium having a laminar structure, which 
method of manufacturing a positive electrode material for lithium ion secondary batteries is 
characterized by the fact that first stage baking is done for a mixture comprising at least a Li 
compound and a compound containing at least Co or Ni, selected from the group of Co, Ni and 
Mn compounds, at a temperature of 500 to 900°C under an air atmosphere or under an oxygen- 
containing atmosphere while mixing; then, secondary stage baking is done at a temperature of 
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800 to 1 100°C while stirring or in a stationary state. 

(5) The method of manufacturing a positive electrode material for lithium ion secondary 
batteries described in Claim 4 used for production of a composite metal oxide containing lithium 
having a laminar structure having the composition indicated by the general formula Li x MC>2 
(wherein, M is at least one metal element selected from the group consisting of Co, Ni, and Mn, 
and x is a number in the range of 0.97<x<1.05). 

(6) A method of manufacturing a positive electrode material for lithium ion secondary 
batteries consisting of a composite metal oxide containing lithium having a laminar structure 
having the composition shown in general formula Li x M y A z 02 (wherein, M is at least one metal 
element selected from the group consisting of Co, Ni, and Mn, A is at least one metal element 
selected from Al and transition metals, and x, y and z are numbers in the range of 0.97<x<1.05, 
0<y<1.0, 0<z<l .0, y+z=l), which method of manufacturing a positive electrode material for 
lithium ion secondary batteries is characterized by the fact that a mixture comprising a Li 
compound and at least one metal element compound selected from the group consisting of Co, Ni 
and Mn, and at least one metal element compound selected from the group consisting of Al and 
transition metals is baked at a temperature of 500 to 1 100°C under an air atmosphere or under an 
oxygen-containing atmosphere while mixing; then, secondary stage baking is done at a 
temperature of 800 to 1 100°C under stirring or under a stationary state. 

(7) The method of manufacturing a positive electrode material for lithium ion secondary 
batteries described in one of Claims 4 to 6 characterized by the fact that the baked powder 
produced in the first stage bake is pulverized; then, second stage baking is done. 

[0006] 

[Embodiment of the invention] In the manufacturing method of the positive electrode material 
for lithium ion secondary battery of the present invention, the mixture of raw material metal 
compounds is baked while stirring; thus, the oxidation reaction is promoted and production of a 
composite metal oxide containing lithium having a laminar structure with good battery 
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characteristics is made possible in a short time and with high productivity. The method of 
manufacturing of the present invention is explained in further detail below. 
[0007] For the composite metal oxide containing lithium having a laminar structure, composite 
oxides such as lithium cobaltate, lithium nickel oxide, and lithium manganate or the above- 
mentioned composite oxides with other metal elements added can be mentioned. The raw 
material metal compound is selected according to the metal element included in the target 
composite metal oxide containing lithium, and in order to produce a composite metal oxide 
containing lithium having the composition shown in general formula Li x M02 (wherein, M is at 
least one type of metal element selected among the group of Co, Ni and Mn, and x is a number of 
0.97<x<1.05), a lithium compound and at least one type of metal element compound selected 
from the group consisting of Co, Ni, and Mn, and in order to produce a composite metal oxide 
containing lithium having the composition indicated by the general formula Li x M y A z C>2 (wherein, 
M is at least one metal element selected from the group consisting of Co, Ni, and Mn, A is at 
least one metal element selected among Al and transition metals, and x, y and z are numbers of 
0.97<x<1.05, 0<y<1.0, 0<z<1.0, y+z=l), a lithium compound, and at least one type of metal 
element compound selected from the group consisting of Co, Ni, and Mn, and a metal element 
selected from the group consisting of Al and transition metals, are used. 
[0008] For the above-mentioned lithium compound, a lithium oxide or a material that undergoes 
decomposition under the reaction conditions and forms an oxide containing lithium, for example, 
inorganic lithium salts such as lithium hydroxide, lithium nitrate, lithium carbonate, lithium 
chloride, and lithium sulfate, organic lithium salts such as lithium acetate, and complex 
compounds containing lithium such as lithium acetyl acetal, and mixtures thereof, etc. can be 
mentioned. 

[0009] For the aforementioned one type of metal element compound selected from the group 
consisting of Co, Ni, and Mn, oxides and materials that undergo decomposition under the 
reaction conditions and produce oxides containing the target metal elements, for example, 
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hydroxides, nitrates, carbonates, chlorides, etc. may be used. In this case, when multiple metal 
elements are selected, a mixture or coprecipitate of the metal element compounds may be used as 
the raw material metal compound. 

[0010] For the aforementioned one type of metal element compound selected from the group 
consisting of Al and transition metals, oxides and materials that undergo decomposition under 
the reaction conditions and produce oxides containing the target metal elements, for example, 
hydroxides, nitrates, carbonates, chlorides, etc. may be used. In this case, when multiple metal 
elements are selected, a mixture or coprecipitate of the metal element compounds may be used as 
the raw material metal compound, and furthermore, a coprecipitate with the above-mentioned 
metal element compound selected from the group consisting of Co, Ni, and Mn may be used as 
well. 

[001 1] The mixture of the raw material compounds produced as described above was mixed and 
baked in air or in oxygen-containing atmosphere while mixing. In order to bake while mixing, 
devices such as a rotary kiln, barrel rocking furnace, rotary valve, or screw conveyor can be used, 
and a rotary kiln is especially suitable. In this case, baking is done at a temperature in the range 
of 500 to 1 100°C for 0.5 to 10 hours. It is further desirable when the above-mentioned baking is 
done at a temperature in the range of 700 to 1000°C for 0.5 to 6 hours. When baking is done at a 
temperature of 500°C or below, non-reacting raw material remains in the positive electrode 
material, and the features of the positive electrode material cannot be achieved. On the other 
hand, when the temperature exceeds 1 100°C, the particle diameter of the positive electrode 
material becomes too large, and battery characteristics are reduced. When the baking time is 0.5 
hours, diffusion reaction among the raw material particles fails to progress; on the other hand, 
when the baking time exceeds 10 hours, the diffusion reaction is nearly completed, thus, further 
baking is not required. As described above, baking is done while mixing in the manufacturing 
method of the present invention; thus, the oxidation reaction can be promoted, and baking can be 
achieved in a short time. Furthermore, when baking is done while mixing, as a result, uniform 
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synthesis is promoted, and production of a positive electrode material for lithium ion secondary 
batteries having superior cycle characteristics, high load characteristics, and good battery 
performance, etc. is made possible. 

[0012] In the method of manufacturing a positive electrode material of the present invention, the 
baking is preferably done in two stages. In other words, mixing of the above-mentioned raw 
material compounds is done and first stage baking is done for the aforementioned mixture in air 
or in an oxygen-containing atmosphere at a temperature in the range of 500 to 900°C while 
mixing; then, second stage baking is done at a temperature in the range of 800 to 1 100°C while 
mixing or under a stationary state. For mixing at the time of baking, the above-mentioned 
devices are used. On the other hand, baking under stationary means that the above-mentioned 
baking material is placed in a heat-resisting reaction container such as a crucible, and baking is 
done in a continuous system furnace or batch system furnace. In first stage baking, baking is 
done for 0.5 to 6 hours at a temperature in the range of 500 to 900°C while mixing the raw 
material mixture so as to promote uniform synthesis. In the second stage baking that follows, 
baking is done for the precursor of the positive electrode material produced in the first stage 
baking at a temperature of 800 to 1 100°C, at a temperature above the first baking temperature, so 
as to adjust the particle diameter of the positive electrode material. When baking is done in two 
stages, as described above, a composite metal oxide containing lithium for use as a positive 
electrode material with superior battery characteristics can be produced. The second stage 
baking may be done under stirring or under a stationary state, and from the standpoint of 
productivity, it is desirable when baking is done while mixing using a rotary kiln, but even when 
baking is done under a stationary state, the bulk density is sharply increased when the precursor 
of the positive electrode material is produced in the first stage baking and crucible packing ratio 
is significantly increased, thus, productivity is significantly higher than in the conventional 
method where baking is done under a stationary state alone. In this case, when the baked powder 
produced by the first stage baking is pulverized before the second stage baking, an adjustment 
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can be made to the particle diameter of the composite metal oxide containing lithium. 
[0013] 

[Working Examples] The present invention is explained in further detail with the working 
examples below, but needless to say, the invention is not limited to these specific working 
examples. 

[Working Example 1] Measurements were made of lithium carbonate (LiaCOa) used as the 
lithium compound, and cobalt tetroxide (C03O4) used as the cobalt compound so as to form 
Li/Co=l .0 and dry mixing was done. The above-mentioned mixture was poured into a rotary 
kiln with an inner diameter of 160 mm and length of 3500 mm, and baking was done under an air 
atmosphere. In this case, the rotational speed of the rotary kiln was 8 rpm. Furthermore, the 
temperature inside the rotary kiln was 900°C and the retention time of the reaction mixture was 
0.5 hours. After baking, the material was pulverized and passed through a sieve to produce a 
positive electrode material powder comprising lithium cobaltate (UC0O2). 
[0014] [Working Example 2] The temperature inside the rotary kiln was changed to 925°C and a 
powdered lithium cobaltate (LiCoOi) positive electrode material was produced as in Working 
Example 1. 

[0015] [Working Example 3] The temperature inside the rotary kiln was changed to 950°C and 
powdered lithium cobaltate (UC0O2) positive electrode material was produced as in Working 
Example 1. 

[0016] [Working Example 4] The temperature inside the rotary kiln was changed to 975°C and a 
powdered lithium cobaltate (LiCoC^) positive electrode material was produced as in Working 
Example 1. 

[0017] [Working Example 5] The temperature inside the rotary kiln was changed to 1000°C and 
a powdered lithium cobaltate (UC0O2) positive electrode material was produced as in Working 
Example 1. 

[0018] [Working Example 6] Measurements were made for lithium carbonate (U2CO3) used as a 
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lithium compound, and cobalt tetroxide (C03O4) used as a cobalt compound so as to form 
Li/Co=l .0 and dry mixing was done. The above-mentioned mixture was poured into a rotary 
kiln with an inner diameter of 160 mm and length of 3500 mm, and first stage baking was done 
under an air atmosphere to produce a precursor of UC0O2. In this case, the rotational speed of 
the rotary kiln was 8 rpm. Furthermore, the temperature inside the rotary kiln was 725°C and the 
retention time of the reaction mixture was 2 hours. The aforementioned precursor of LiCo02 
produced in the first stage baking was placed in a crucible, and second stage baking was done in 
a continuous baking furnace under an air atmosphere. The above-mentioned baking was done for 
10 hours at a baking temperature of 985°C. After baking, the material was pulverized and passed 
through a sieve to produce a positive electrode material powder lithium cobaltate (LiCoC>2). 
[0019] [Working Example 7] The temperature inside the rotary kiln was changed to 750°C and a 
powdered lithium cobaltate (LiCo02) positive electrode material was produced as in Working 
Example 9 [sic]. 

[0020] [Working Example 8] The temperature inside the rotary kiln was changed to 800°C and a 
powdered lithium cobaltate (LiCoC^) positive electrode material was produced as in Working 
Example 9 [sic]. 

[0021] [Working Example 9] The rotational speed of the rotary kiln was changed to 4 rpm and 
the temperature inside the rotary kiln was changed to 800°C, and furthermore, the retention time 
of the reaction mixture was 1 hour and a powdered lithium cobaltate (LiCo0 2 ) positive electrode 
material was produced as in Working Example 9 [sic]. 

[0022] [Working Example 10] The rotational speed of the rotary kiln was changed to 2 
rpm and the temperature inside the rotary kiln was changed to 800°C, and furthermore, the 
retention time of the reaction mixture was 0.5 hour and production of a powdered lithium 
cobaltate (LiCoC^) positive electrode material was produced as in Working Example 9 [sic]. 
[0023] [Working Example 1 1] The rotational speed of the rotary kiln was changed to 2 
rpm and the temperature inside the rotary kiln was changed to 850°C, and furthermore, the 
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retention time of the reaction mixture was 0.5 hours, and a powdered lithium cobaltate (LiCo0 2 ) 
positive electrode material was produced as in Working Example 9 [sic]. 
[0024] [Comparative Example 1] Measurement of lithium carbonate (U2CO3) used as the 
lithium compound, and cobalt tetroxide (C03O4) used as the cobalt compound was done to form 
Li/Co=l .0 and dry mixing was done. The above-mentioned mixture was poured into a crucible 
and baked in a continuous system baking furnace for 24 hours at a temperature of 985°C under 
an air atmosphere. After baking, the material was pulverized and passed through a sieve to 
produce a powder lithium cobaltate (UC0O2) positive electrode material. 
[0025] [Evaluation] 

(Production of lithium ion secondary battery) Then, individually, 90 parts by weight of 
each of the positive electrode materials produced in the above-mentioned Working Examples 1 
to 1 1 and Comparative Example 1, 5 parts by weight of carbon used as the electrically 
conductive material, and 5 parts by weight of polyvinylidene fluoride were mixed to produce a 
paste. The paste was then coated on one surface of an aluminum foil that served as the positive 
electrode collector, and dried for 30 minutes at 100°C, then pressed, and then, a heat-treatment 
was provided for 6 hours at a temperature of 1 10°C to produce positive electrode plates. 
Meanwhile, a lithium metal was used as the negative electrode, a porous propylene film was used 
as a separator, and a solution prepared by dissolving LiPF6 in a mixed solvent of ethylene 
carbonatetdiethyl carbonate =1:1 (volume ratio) at a concentration of 1 mol/1 was used as an 
electrolyte and lithium ion secondary batteries were produced. 

[0026] (Evaluation of the cycle characteristics) For each secondary battery produced as described 
above, charging was done to 4.3 V under a charge load of 0.5C; then, discharging was done to 
2.75 V at 1.0C and the above-mentioned charge and discharge cycle was repeated for 50 cycles, 
and the capacity maintenance factor of 50th cycle was obtained according to the equation shown 
below. 

Capacity maintenance factor = (discharge capacity of 50th cycle)/(discharge capacity of first 
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cycle) x 100 

[0027] (Evaluation of high load characteristics) For each secondary battery produced as 
described above, the discharge energy at the time of discharge under constant current with a 
charge load of 0.2C and discharge at 2.0C to 2.75 V was obtained as the high load energy density 
(mWh/g). 

[0028] Measurement results of the cycle characteristics and high load characteristics of the 
lithium ion secondary batteries made of the positive electrode material powders produced in the 
above-mentioned Working Examples 1 to 1 1 and Comparative Example 1 along with the 
production conditions of the positive electrode material are summarized and shown in Table I 
below. As shown in the Table, baking ratio per area unit time is increased significantly and 
productivity is significantly higher in Working Examples 1 to 1 1 of the present invention in 
comparison to those of the comparative examples. Furthermore, lithium ion secondary batteries 
made of the positive electrode materials produced in Working Examples 1 to 1 1 exhibit higher 
capacity maintenance factors and higher load energy density than those of the Comparative 
Examples, or equal to those of the Comparative Examples, and superior battery characteristics 
are achieved despite the shorter baking time used. 
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[0030] 

[Effect of the invention] As explained in detail above, according to the manufacturing method of 
the present invention, a positive electrode material for lithium ion secondary batteries can be 
produced with high productivity, and a composite metal oxide containing lithium having a 
laminar structure with excellent battery properties (cycle characteristics and high load 
characteristics) is made possible. 
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